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http:WHAT THIS PAPER ADDS?
Proximal and distal vessel control to create a blood-less ﬁeld for vascular anastomosis is a cornerstone of
vascular surgery. Traditionally, this is achieved with vascular clamps, with risk of arterial damage, especially in
distal bypass surgery on fragile, calciﬁed vessels. In this report, the use of a new thermosensitive polymer for
distal vessel control was assessed in a cohort of consecutive patients undergoing infra-popliteal bypasses for
critical limb ischaemia. The thermosensitive polymer is a potentially safe and useful device to achieve a blood-
less distal anastomotic ﬁeld in patients undergoing distal bypass surgery.Objective: The study aims to assess a novel thermosensitive polymer (LeGoo) for distal vessel control during
infra-popliteal (crural/pedal) bypass surgery in severe leg ischaemia.
Method: Retrospective analysis of all distal bypasses from October 2009 to February 2012. Technical success,
patency, limb salvage and amputation-free survival rates were analysed.
Results: Fifty-four infra-popliteal bypasses using the polymer were performed in 46 patients. The distal
anastomosis was at the anterior tibial (n ¼ 15, 28%), posterior tibial (n ¼ 12, 22%), peroneal (n ¼ 8, 15%), tibio-
peroneal trunk (n ¼ 8, 15%) and dorsalis pedis arteries (n ¼ 11, 20%). Technical success was achieved in 51/54
(94.4%; failures: two inadequate haemostasis, one un-dissolved polymer). In-hospital duplex of the distal
anastomosis showed a signiﬁcant stenosis in two cases (4.3%). Outﬂow angioplasty was performed in three cases
(two distal anastomotic, one run-off vessel, 5.6%). The 1-year patency rate was 76.2% (standard error (SE) 6.7%),
limb salvage rate 79.3% (SE 6.7%). Amputation-free survival was 93.5% at 30 days (SE 3.6%) and 67.5% at 1 year
(SE 7.5%).
Conclusion: This thermosensitive polymer is a potentially safe and useful atraumatic device to achieve a blood-
less distal anastomotic ﬁeld in infra-popliteal bypasses. The technique avoids other potentially traumatic methods
of vessel control, which may be particularly important in patients with calciﬁed distal vessels.
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Limb salvageProximal and distal vessel control to create a blood-less ﬁeld
for vascular anastomosis is a cornerstone of vascular
surgery. Traditionally, vascular clamps or loops are the
preferred instruments for vessel control in adequately sized
arteries. The risk of arterial damage due to the clamp injury
is well known, particularly in small, diseased atherosclerotic
vessels.1e3 Other techniques for the creation of a blood-less
ﬁeld include the use of vessel loops, intra-arterial occlusion
with balloons or shunts and tourniquet.4 However, theserresponding author. H. Zayed, Department of Vascular Surgery, King’s
Partners, Guy’s and St Thomas NHS Foundation Trust, Westminster
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//dx.doi.org/10.1016/j.ejvs.2012.10.008techniques are also associated with risk of arterial damage,
inadequate vascular occlusion and increased technical
complexity of the anastomosis in the presence of intra-
arterial occlusion devices, as well as muscle and nerve
damage in case of tourniquet.3,5 A particular challenge is
faced in distal bypass surgery in patients with unclampable
calciﬁed infra-popliteal vessels, which are more often
present in the expanding cohort of vascular patients with
diabetes and chronic renal failure.6
A novel method for atraumatic arterial control and the
creation of a blood-less ﬁeld for vascular anastomosis is the
use of a thermosensitive polymer poloxamer 407 LeGoo
(Pluromed Inc., Woburn, MA, USA). The product has been
used for vascular occlusion in small vessels in animal models
as well as in humans.7e9 Its primary use has been in off-
pump coronary artery bypass grafting, with promising
Figure 1. Use of thermo-sensitive polymer for vessel occlusion for a posterior tibial artery bypass operation. (A) Vessel preparation.
(B) Application of the polymer through a small longitudinal arteriotomy. (C) The polymer gel occludes the vessel. (D) Arteriotomy is
extended to allow distal bypass anastomosis.
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vascular surgery has been shown in initial reports.11,12
However, the use of this polymer in distal bypasses for limb-
threatening ischaemia has not been assessed yet.
In the current study, we assessed the use of this ther-
mosensitive polymer for distal vessel occlusion during the
creation of the distal anastomosis in a consecutive series of
patients undergoing infra-popliteal bypass surgery for
severe leg ischaemia. The technical success rate was ana-
lysed, as well as ultrasonographic assessment of the distal
anastomosis and clinical success rate at 1 year.MATERIALS AND METHODS
Atraumatic vascular occlusion with a thermosensitive poly-
mer was attempted for the creation of a distal anastomosis in
all consecutive patients who underwent distal bypasses (to
crural arteries) or ultradistal bypasses (to pedal arteries) at
a tertiary referral centre during the period October 2009e
February 2012.The polymer has an inverse thermosensitivity
property and is in liquid form at room temperature, trans-
forming to gel at body temperature. It is applied intra-arte-
rially through a syringe and cannula, creating a gel plug that
occludes the vessel. After vascular anastomosis, the gel can
be dissolved through ﬂushing with cold saline (7 C), thereby
reducing the temperature to a level at which the gel trans-
forms to liquid. After dissolution with cold saline, the poly-
mer cannot return to gel status.
All patients were prospectively entered in a local
patient registry, which was retrospectively analysed. Clinical
indication for treatment was assessed based on theRutherford classiﬁcation of peripheral vascular disease.
Preoperative imaging was primarily performed with duplex
scans, complemented with computed tomography angiog-
raphy, magnetic resonance imaging or digital subtraction
angiography, as required. The great saphenous vein was the
preferred graft, in the absence of which, the short saphe-
nous vein or arm veins were used. Synthetic grafts were
used only in cases with non-suitable arm or leg veins.
During the revascularisation procedure, arterial dissection
and preparation was performed as usual. Cold saline was
kept available in a refrigerator adjacent to the operating
theatre. Proximal anastomosis was performed with the
artery controlled with vascular clamps. To create the distal
anastomosis, the crural or pedal artery was dissected but
not clamped or double slung at the time of the arteriotomy,
Fig. 1. Branch vessels at the arteriotomy site were double
slung with 3/0 Vicryl (Ethicon Inc, Somerville, NJ, USA).
A small longitudinal arteriotomy was created and under
digital control of the artery, the polymer was applied prox-
imally and distally using the product syringe with insertion of
the short (1.5 mm diameter and 40 mm length) cannula
intraluminally to achieve a blood-less ﬁeld through the
creation of an intra-arterial polymer plug proximal and distal
to the arteriotomy, Fig. 1. The arteriotomy could then be
extended as required for creation of the anastomosis. In
cases with a calciﬁed atheromatous plaque at the site of the
anastomosis, a localised endarterectomy could be per-
formed after the creation of a blood-less ﬁeld with the
polymer, to allow passage of the needle through the arterial
wall during the suturing of the distal anastomosis. In most
cases, however, the needle could pass just adjacent to the
Table 1. Patient characteristics.
Characteristics N ¼ 46
patients
(49 limbs)
Mean age, years (SD) 73.4 (10.5)
Male, n (%) 34 (73.9%)
Clinical classiﬁcation, Rutherford, n (%)
4 Rest pain 21 (42.9%)
5 Minor tissue loss 15 (30.6%)
6 Major tissue loss 13 (26.5%)
ASA grade, n (%)
II 22 (47.8%)
III 23 (50.0%)
IV 1 (2.2%)
Comorbidities, n (%)
Cardiac 26 (56.5%)
Pulmonary 10 (21.7%)
Renal 8 (17.3%)
Cerebrovascular disease 8 (17.3%)
Diabetes 23 (50.0%)
Table 2. Operative details for all procedures.
N (%)
total ¼ 54
Redo bypass operations 23 (42.6%)
K. Mani et al. 53weakened edge of the arteriotomy where the calciﬁed pla-
que has been cut with Pott’s scissors. The polymer could be
re-applied if needed during the suturing of the anastomosis,
which was performed using 7/0 polypropylene sutures.
Before the completion of the anastomosis, the polymer was
dissolved through ﬂushing with cold saline using the long
(1.5 mm diameter and 80 mm length) cannula on a 10-ml
syringe. The syringe was ﬁlled with cold saline, and the soft
cannula was inserted intraluminally past the polymer gel
plug. The cold saline was then injected during withdrawal of
the cannula until satisfactory back ﬂow from the target distal
vessel was achieved. The intraluminal ﬂushing was per-
formed both distally and proximally to the anastomosis.
If a blood-less ﬁeld could not be achieved with the
polymer, vessel loops were used for arterial control. Quality
control was performed with intra-operative Doppler upon
completion of the anastomosis. Postoperatively, ultrasono-
graphic assessment of the graft and the distal anastomosis
was performed before discharge, with re-intervention when
deemed necessary in presence of a signiﬁcant stenosis
(70%) or reduced graft velocity (<45 m s1) and/or when
clinically indicated. After discharge, duplex surveillance was
performed at 3, 6, 9 and 12 months, and yearly thereafter.
The intra-operative use of the thermosensitive polymer
was considered as successful if a blood-less ﬁeld could be
achieved for the creation of anastomosis by using the polymer
alone, without compromising the target vessel due to the
intraluminal polymer plug. The in-hospital outcome was ana-
lysed based on the presence of signiﬁcant stenosis at the distal
anastomosis on postoperative duplex scan requiring re-inter-
vention. One-year clinical outcome was assessed as patency,
limb salvage and amputation-free survival rates based on
KaplaneMeier analysis, presented with standard errors (SEs).
Statistical evaluation of the data was carried out with a soft-
ware package (Statistical Package for the Social Sciences
(SPSS) version 18.0; IBM Corporation, Somers, NY, USA).Inﬂow
Common femoral artery 14 (25.9%)
Superﬁcial femoral artery 15 (27.8%)
Above knee popliteal artery 3 (5.6%)
Below knee popliteal artery 11 (20.4%)
Graft 11 (20.4%)
Outﬂow
Tibioperoneal trunk 8 (14.8%)
Anterior tibial artery 15 (27.8%)
Posterior tibial artery above the ankle 8 (14.8%)
Peroneal artery 8 (14.8%)
Dorsalis pedis 11 (20.4%)
Posterior tibial artery below the ankle 4 (7.4%)
Conduit
Long saphenous vein 38 (70.4%)
Short saphenous vein 1 (1.9%)
Composite saphenous vein 3 (5.6%)
Basilic vein 3 (5.6%)
Cephalic vein 1 (1.9%)
Composite arm veins 3 (5.6%)
Composite arm and leg veins 2 (3.7%)
Reversed vein bypass 30 (55.6%)
Orthograde vein bypass 21(38.9%)
PTFE and vein cuff 3 (5.6%)RESULTS
During the study period, 54 infra-popliteal bypass opera-
tions with primary attempt of atraumatic distal vessel
occlusion using the thermosensitive polymer were per-
formed on 49 limbs (three sequential jump grafts and two
re-do operations on same limbs) in 46 patients. Patient
characteristics are presented in Table 1. Twenty-three of the
procedures (42.6%) were re-do bypass operations. The long
saphenous vein was used as graft material in 38 (70.4%) of
the procedures. All bypasses were tunnelled anatomically.
Operative details are presented in Table 2.
One syringe of 1.0 ml of the thermosensitive polymer
was used in all cases. The technical success rate of the
polymer for creation of distal anastomosis was 94.4% (two
cases of inadequate haemostasis, one case of undissolved
polymer). In the two cases with inadequate haemostasis,
the vessel was controlled using vessel loops. In these cases,
lack of haemostasis was due to bifurcation of the target
vessel close to the arteriotomy site. There was no case of
failure of haemostasis with the polymer due to vesselcalciﬁcation. In the ﬁrst case in this series (re-do cephalic
vein jump graft from a previous femoro-peroneal bypass to
the distal posterior tibial artery), as per the manufacturer’s
instruction for the use of the polymer, cold saline was
ﬂushed only on the outside of the artery after completion
of the anastomosis. However, the Doppler signals on the
target vessel distal to the anastomosis were not satisfac-
tory. Therefore, intra-operative angiography was performed.
This showed evidence of run-off occlusion potentially due
to the remaining intra-arterial polymer plug. After Fogarty
54 European Journal of Vascular and Endovascular Surgery Volume 45 Issue 1 January/2013catheter-assisted retrieval of the undissolved polymer plug,
back ﬂow was successfully re-established and the run-off
vessel could be preserved. After this case, we changed our
technique in the remaining cases by infusing cold saline
intra-arterially before completion of the anastomosis during
cannula withdrawal until back bleeding through the arte-
riotomy was achieved, as well as ﬂushing the outer surface
of the artery with cold saline after anastomosis completion.
By doing that, no further episodes of residual intra-arterial
polymer were encountered in the series. There was no case
of clinical micro-embolisation with the polymer gel.
The distal anastomosis was assessed on postoperative in-
hospital duplex scan after 47 procedures (two early post-
operative deaths, ﬁve failed grafts requiring three early re-
interventions and two amputations). Postoperative duplex
showed a signiﬁcant stenosis in two cases (4.3%). Angio-
plasty to the outﬂow was required in three cases (two distal
anastomosis, one run-off vessel distal to the anastomosis,
5.6%). The early re-intervention rate in patients with dia-
betes or chronic renal failure was 2/29 (6.9%). There were
two perioperative deaths within 30 days (4.3%).
Median follow-up from primary operation was 11 months
(interquartile range, IQR, 4e17). Over this time, re-inter-
vention at the site of the distal anastomosis or run-off
vessel was performed in ﬁve additional patients (10.9%),
with a median time to ﬁrst follow-up re-intervention of 2
months (IQR 1.5e6). The late re-intervention rate was 2/29
(6.9%) in patients with diabetes or chronic renal failure.
Based on KaplaneMeier analysis, the estimated 1-year
secondary patency rate was 76.2% (SE 6.7%) and the limb
salvage rate was 79.3% at 1 year (SE 6.7%), Fig. 2(A). The
estimated amputation-free survival rate was 93.5% at 30
days (SE 3.6%) and 67.5% at 1 year (SE 7.5%). Survival rate
at 1 year was 78.8% (SE 6.7%), Fig. 2(B).DISCUSSION
To our knowledge, this is the largest series in the literature
to assess the use of this novel atraumatic thermosensitive
polymer in distal vessel control during distal bypass surgery.Figure 2. (A) Limb salvage and secondary patency rate; (B) amputation f
12 months postoperatively.The polymer can be reliably used for the creation of
a blood-less anastomotic ﬁeld during distal bypass surgery
in critical limb ischaemia. Correct technique is, however,
crucial in order to avoid polymer-related complications.
In the current series, the polymer was used for distal
vessel occlusion in all consecutive patients undergoing
infra-popliteal bypass surgery. Although the degree of
calciﬁcation at the distal anastomotic site was not regis-
tered prospectively, the cohort included the range of co-
morbidities and variable degrees of arterial calciﬁcations
that would be expected in patients with critical limb
ischaemia. Based on this experience, intra-arterial vessel
occlusion with the polymer plug is particularly helpful in
patients with heavily calciﬁed crural or pedal vessels, which
are at high risk of damage when clamped or slung.6 Excel-
lent results of distal bypass surgery to heavily calﬁcied
vessels with traditional techniques have been reported by
centres of excellence.6,13 However, the technical challenges
of vessel control in these patients are well known.1 Heavily
calciﬁed vessels can be controlled with the polymer even if
the vessel is not mobilised or slung prior to arteriotomy, as
long as an adequate portion of the vessel is dissected for
creation of the ateriotomy, application of the gel and
creation of the distal anastomosis. This helps to achieve
adequate vessel control even if the lumen is distorted by an
atheromatous plaque, which is common in this group of
patients. In contrast with other devices used for intra-
luminal vessel occlusion, the polymer negated the use of
any extra instruments in the surgical ﬁeld, which could
make the suturing technically more challenging.6 This
polymer is transluscent; therefore, the sutures can be both
easily and precisely placed through the plug. This facilitates
suturing especially in technically challenging areas of the
anastomosis, such as the heel and toes.
In this series, we report a technical success rate of 94.4%.
In our ﬁrst case in this series, as per the manufacturer’s
instructions, cold saline was applied to the outer surface of
the artery after completion of the anastomosis. This was not
enough to dissolve the polymer plug, which was retrieved
surgically. A similar adverse event has been reportedree survival and survival rate based on KaplaneMeier analysis up to
K. Mani et al. 55previously as part of the learning curve of using this
product.12 Intraluminal ﬂushing of cold saline into the
polymer in order to dissolve the plug is of particular
importance in calciﬁed vessels, due to the poor thermo-
conductivity of porcelain arteries. In the rare case when the
polymer does not provide adequate haemostasis for
suturing, conversion to standard vascular surgical tech-
niques with vessel control using loops or clamps can be
easily performed.
Although the use of the thermosensitive polymer for
atraumatic vascular occlusion is expected to be associated
with low risk of arterial damage, there is a risk of local effect
of the polymer on endothelial cells.14 The polymer does not
appear to have any negative systemic effects in the doses
used for vascular occlusion.15 Clinical experience with the
polymer has initially been gained in the ﬁeld of off-pump
coronary bypass surgery, and there are currently no reports
on postoperative problems with arterial damage or neo-
intimal hyperplasia due to the polymer in the literature.8,10
In a multicentre randomised trial comparing the polymer to
vessel loops for coronary artery control during off-pump
bypass surgery, the polymer was more likely to provide
a satisfactory blood-less ﬁeld and hence the anastomotic
time was signiﬁcantly shorter as compared to vessel loops.
Perioperative clinical outcome was equal between the
groups.
The current study is the ﬁrst report that includes 1-year
outcome in patients undergoing distal bypass surgery with
use of this novel polymer for distal vessel control.11,12
Angioplasty on the area involving the distal anastomosis or
target vessel was needed in approximately 1 in 10 patients.
It is not possible based on the current report to assess
whether these stenoses in the anastomotic area are related
to the use of the polymer, or related to the neo-intimal
hyperplasia or progression of atherosclerotic disease.We do
adhere to strict duplex follow-up of all patients with distal
bypasses in our institution, with a low threshold to inter-
vene. The clinical success with limb salvage rate of 79.3% at
1 year in this series of distal bypasses in critically ischaemic
limbs is acceptable when compared to previously published
results from our institution16 and other historical
reports,17,18 especially in light of the fact that 42% of them
were re-do operations.
The use of the polymer can potentially incur additional
costs (approximately 250 Euro per 1-ml syringe). However,
in this cohort the cost of the polymer was typically equiv-
alent to 1e2% of the hospital reimbursement for a patient
with critical limb ischaemia undergoing distal bypass
surgery. We found this polymer to be a useful tool for
atraumatic vessel control in distal bypasses, considering the
risk of arterial wall damage with traditional techniques for
vessel occlusion.1e3 As the risk of arterial damage is higher
in patients with calciﬁed, unclampable vessels, the polymer
technique offers an obvious additional beneﬁt. Another
beneﬁt of this polymer gel is that it can conform to the
luminal contour of the artery even if it is distorted with
atheromatous plaques, hence help achieve a bloodless ﬁeld
even when the anastomosis is constructed to a diseasedsegment of the artery. The limitations of this report include
the lack of a parallel control group with conventional
techniques for vessel control although clinical results were
comparable with historical reports.16e18 Another major
limitation is the fact that the degree of distal vessel calci-
ﬁcation was not registered prospectively as our aim was to
assess technical feasibility and outcome of this atraumatic
technique in a consecutive series of patients. An analysis of
the outcome of the polymer technique speciﬁcally in
patients with unclampable infra-popliteal vessels is desir-
able, in order to compare results with previous studies
using conventional arterial control techniques.
CONCLUSIONS
This thermosensitive polymer could safely and reliably be
used to achieve a blood-less ﬁeld for the creation of distal
anastomosis in infra-popliteal bypass surgery with a high
technical success rate and acceptable 1-year outcome.
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